Background Transforaminal epidural injection of steroids is used to treat lumbar radicular pain. However, there are only a few well-designed randomized, controlled studies on the effectiveness of steroid injection.
Introduction
Radicular nerve root pain is a common clinical problem of medical and economic significance [1] . The electrophysiological basis of sciatica has been characterised as ectopic firing of action potentials in nerve roots [2] , most commonly caused by mechanical compression secondary to lumbar disc herniation or peripheral foraminal stenosis. These causes of nerve root compression may stimulate inflammatory processes [3, 4] , forming a rationale for the use of epidural corticosteroids to inhibit inflammation and alleviate pain.
However, the efficacy of epidural corticosteroids for treatment of radicular pain remains controversial [5] .
A major disadvantage of this technique is that the epidural infiltration of corticosteroids may not deliver an adequate concentration of corticosteroids to the locus of nerve root irritation [6] and may miss their target of delivery in up to 40% of cases [7] . The dorsal injection of epidural corticosteroids requires diffusion of active agents to the ventral target site, which may be prevented by the dorsal median epidural septum [8] .
In contrast, the transforaminal (or periradicular) injection of corticosteroids under fluoroscopic guidance delivers high concentrations of therapeutic agents to the site of pathology [9] . But, the evidence for transforaminal injection of steroids is more contentious and there are only a few randomised controlled trials examining the efficacy of this treatment for alleviating radicular pain and disability. Thus, this meta-analysis was undertaken to review the available data for transforaminal injections into the lumbar spine with or without steroids.
Methods
An electronic search was performed using the Embase and Abstracts of the citations identified by the search were then scrutinised to determine eligibility for inclusion into the meta-analysis. Studies were included if they met each of the following criteria: randomised controlled trial, patients undergoing lumbar transforaminal or periradicular infiltration of glucocorticoids for radicular pain and randomisation to groups with or without radicular infiltration of steroids.
The primary outcome measures for the meta-analysis were the standardised mean difference in Visual Analogue Score (VAS) and Oswestry Disability Index (ODI) at specified time points following the injection. Data from the eligible trials were abstracted into a computerised spreadsheet for analysis. Between-study inconsistency was quantified by means of I squared = [(Q -df)/Q] 9 100%, where Q is the chi-squared statistic and df is its degrees of freedom [10] . I squared defines the variability percentage in effect estimates that is due to heterogeneity rather than to sampling error or chance. A value [50% represents substantial heterogeneity. All analyses were performed with Revman analyses version 5.1.2 (2011, the Cochrane Collaboration). Forest plots were constructed to show standardised treatment effects.
Results
The initial search identified 126 papers. After screening, five randomised controlled trials were identified for analysis (Table 1 , [11] [12] [13] [14] [15] ). Of the five randomized trials evaluating lumbar transforaminal steroid injections, only three had followed-up patients systematically with VAS and ODI scores [12, 14, 15] . A total of 187 patients ('treatment group' receiving local anaesthetic/steroid transforaminal injection) were compared with 181 patients ('control' group, receiving local anaesthetic only [14, 15] or saline injection [12] ). No trials reported significant between-group differences in baseline VAS or ODI before the transforaminal injections were administered.
The Forest plots for these studies are shown in Fig and 'control' groups was not significant. Additionally, the one study following patients for 12 months, did not find any significant difference in VAS and ODI between these groups [12] .
Study descriptions
Riew et al. [11] studied the effect of nerve root injections in avoiding operative treatment for lumbar radiculopathy. Fifty-five patients who were deemed surgical candidates were treated and randomized to receive either a transforaminal epidural injection of betamethasone with bupivacaine or bupivacaine alone. The mean follow up of patients was 23 months (range 13-28 months). Unfortunately, there was no set follow-up evaluation and at the end of the study, 9/27 (33%) patients receiving bupivacaine only had avoided an operation compared with 20/28 (71%) patients receiving the combination of betamethasone and bupivacaine. Although these results were significant, in their follow up study, they went on to show positive longterm results with or without the use of steroids [16] .
Karppinen et al. [12] , evaluated transforaminal epidural steroid injections in patients with sciatica. Eighty patients received transforaminal epidural injections of methylprednisolone and bupivacaine and another eighty patients received saline injections via a transforaminal route. Both groups showed improvement in VAS leg pain and ODI RCT, controlled, double blind C (1 ml 0.25% Bupivacaine alone, n = 27) T (1 ml (6 mg) betamethasone, n = No additional benefit with steroids C control, T treatment, RCT randomised control trial, VAS Visual Analogue Score, ODI Oswestry Disability Score scores, with the steroid group doing better than the saline at 2 weeks and the saline group doing better at 3 and 6 months (rebound phenomenon observed with steroid/ local anaesthetic group). At 1-year follow up, there was no statistical difference between the groups. Interestingly, the same authors performed a further cost analysis [17] , and found that at the 4-week follow-up period the patients who had received steroid/local anaesthetic injection had utilized fewer therapy visits and less drugs resulting in significantly lower costs. At all other times there was no significant cost difference in the groups. To our knowledge, no other study has performed any kind of cost analysis. Vad et al. [13] evaluated the effect of transforaminal epidural injection of betamethasone with lidocaine in 25 patients against 23 patients who received a lumbar paraspinal muscle trigger point injection of saline. Outcomes included pain score, patient satisfaction, and other measures of function. After an average follow up of 16 months (range 12-21 months), both groups improved but the transforaminal group did significantly better with a much lower pain score at the end and a larger percentage of patients (84 vs. 48%) achieving a successful outcome in a shorter period of time than the trigger point group (6 vs. 12 weeks).
Ng et al. [14] randomised patients to bupivaciane versus bupivacaine and methylprednisolone with 43 patients in each treatment arm. They found no significant difference in VAS or ODI scores at 6 weeks or 3 months. In a study from the same unit, Tafazal et al. [15] found similar results with no additional benefit of adding steroids to the injection. These same authors also found that the rate of surgery at 1 year was not significantly different between these groups, which is in contrast to Riew's earlier study [11] .
Discussion
The current meta-analysis shows that transforaminal epidural steroid injections, when appropriately performed, result in improvement in pain (standardised mean difference in VAS 0.2 in favour of steroid injection), but not disability (standardised mean difference in ODI 0). However, the three RCTs that followed patients to 3 months, have found no benefit by the addition of steroids [12, 14, 15] and this effect was maintained at 12 months [12] .
The mechanism of action of steroid and local anaesthetic epidural injection is thought to be neural blockade which alters or interrupts nociceptive input, the reflex mechanism of the afferent fibres, self-sustaining activity of the neurons, and the pattern of central neuronal activities [18, 19] . Corticosteroids have also been shown to reduce inflammation by inhibiting either the synthesis or release of a number of pro-inflammatory mediators and by causing a reversible local anaesthetic effect [19, 20] . However, further evidence has shown that the long-lasting effect may be obtained with local anaesthetic with or without steroids [21] [22] [23] [24] [25] [26] [27] [28] . For example, Tachihara et al. [20] , in rat experiments of nerve root infiltration, showed that mechanical allodynia was prevented by local anaesthetic with or without steroid, and no additional benefit from using corticosteroid was found. Thus, it is suggested that corticosteroids may be unnecessary for nerve root blocks. This concept has been reinforced by numerous randomized and observational studies [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . A recent systematic review has found that there was no significant difference between transforaminal and caudal epidural injection [39] . Transforaminal injection of steroids can be hazardous [40] [41] [42] , and especially if carelessly performed. Guidelines for the safe conduct of transforaminal injections have been published by the International Spinal Intervention Society [43] , emphasizing particularly the need to be vigilant for unintended, intra-arterial injection of particulate steroids. However, the risks are low and considering the less expensive nature of the procedure compared with surgical interventions, transforaminal epidural injections with or without steroids appear to be cost effective [17, 31] . Furthermore, transforaminal epidural injections are always performed under fluoroscopy with (out) contrast injection [44] [45] [46] [47] [48] , and thus chances of inaccurate needle placement minimised.
The results of this meta-analysis have significant implications for clinical practice. Transforaminal epidural injections show a significant reduction of pain scores in patients with lumbar radiculopathy when compared with doing nothing, conservative management without injection therapy, and probably lumbar interlaminar epidural injections [49] . In this meta-analysis, no additional benefit has been found by the addition of steroids to local anaesthetic [12, 14, 15] and this effect was maintained at 12 months [12] .
The limitations of this study include that we were able to find only five appropriately performed studies which met the inclusion criteria and were clinically relevant. Further, only three studies actually followed-up patients in a systematic way with pain and disability scores. Finally, it is worth bearing in mind that this meta-analysis was performed based on RCTs reporting their mean differences in VAS and ODI scores enabling this paper to compare the standardised treatment effects. But, when using these mean values of a group response, treatments emerge as significantly more effective only if all patients consistently benefit to some degree, or if a substantial majority of patients benefit to at least a moderate degree. Thus, group data can indeed camouflage good responses when they occur in a subgroup of patients as the poor outcomes of the other patients statistically cancel the good responses of the subgroup. It can be argued that such an analysis is not appropriate as the data are not normally distributed and outcome distribution may differ. The future implications for research should include a clear case definition with consistent inclusion and exclusion criteria, clear outcome measures, appropriate design, and reporting of randomized trials [50] .
